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LOWER ELECTRODE CONTACT STRUCTURE AND METHOD OF 

FORMING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0005] The present invention relates to semiconductor memory devices 
and to methods of forming the same. More specifically, the present invention 
relates to the structure of a semiconductor device whereat a lower electrode 
is disposed over underlying layers and to methods of forming the same. 

2. Description of the Related Art 

[0010] The reduction in line widths of patterned portions of 
semiconductor devices, as facilitated by improvements in semiconductor 
device fabricating techniques, is accompanied by decreases in the horizontal 
dimension and increases in the vertical dimension of various elements of the 
devices, such as capacitors. The surface area of the lower electrodes of such 
capacitors directly relates to the capacitance that can be offered by the 
capacitors. Therefore, a capacitor is formed with a large height so that the 
lower electrode thereof will have a large surface area, whereby a certain 
value of capacitance can be provided. 

[0015] That is, as semiconductor devices become more highly integrated 
within a chip, the widths of the capacitors are correspondingly reduced. 
Accordingly, the heights thereof are increased to compensate for the 
decrease in their width and still provide the same capacitance. As a result, 
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the area of the interface between the lower electrode and the underlying 
layers is becoming smaller because the interface is determined by the width 
of the lower electrode. Thus, the adherence of the lower electrode to the 
underlying layers becomes weaker, so much so that the lower electrode may 
separate from the underlying layers during the fabricating process. 
Consequently, adjacent lower electrodes may become electrically connected 
to each other. 

[0020] Fig. 1 shows a conventional cylindrical lower electrode structure 
of a capacitor. Problems posed by the conventional lower electrode structure 
of a capacitor will be explained with reference to this figure. A contact plug 
18 penetrates an insulation layer 12 to electrically connect with an active 
region (not shown) of a semiconductor substrate 10. A cylindrical lower 
electrode 28 is disposed on the insulation layer 12 and the contact plug 18. 
As semiconductor devices become more highly integrated, the width W of 
the lower electrode 28 tends to decrease and the height H thereof tends to 
increase. Therefore, an interface area CA decreases where the lower 
electrode 28 and the underlying layers (i.e., the contact plug 18 and the 
insulation layer 12) are in contact with each other tends to decrease. Thus, 
the lower electrode may lean to one side or collapse due to surface tension 
during a cleaning process carried out after the process of forming the lower 
electrode. In such a case, adjacent lower electrodes may become electrically 
connected to each other. 
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SUMMARY OF THE INVENTION 
[0025] An object of the present invention is to provide a lower electrode 
contact structure in which the interface between the lower electrode and the 
underlying layers is relatively large. 

[0030] A lower electrode contact structure according to the present 
invention includes at least one electrode supporting layer protruding above 
the upper surface of an insulation layer in which a contact plug is buried. 
The electrode supporting layer(s) extends along the outer periphery of the 
upper surface of the contact plug. Therefore, the lower electrode conforms to 
the surface morphology of the insulation layer, the contact plug, and the 
electrode supporting layer(s). Thus, the area of contact between the lower 
electrode and the underlying layers (i.e., the layers supporting the lower 
electrode) is relatively large. 

[0035] The at least one electrode supporting layer preferably comprises 
first and second supporting layers. The first supporting layer extends along 
the outer peripheral edge of the top surface of the contact plug so as to 
protrude above the top of the insulation layer. The second supporting layer is 
disposed on a portion of the insulation layer and on the contact plug over 
inner and outer sidewalls of the first supporting layer. 
[0040] The contact structure may further comprise a sidewall spacer 
surrounding the contact plug as interposed between the contact plug and the 
insulation layer. The first electrode supporting layer is an extension of the 
sidewall spacer. The first supporting layer and the sidewall spacer may be 
unitary or discrete. In the case of the latter, the sidewall spacer may be 
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formed of silicon nitride and the first supporting layer may be formed of 
polysilicon. 

[0045] The second electrode supporting layer of the contact structure may 
be formed of silicon nitride. 

[0050] The contact structure may further comprise an etch stop layer 
disposed on the insulation layer around the lower electrode. The etch stop 
layer may be formed of silicon nitride. The thickness of the etch stop layer is 
identical to that of the second supporting layer. 

[0055] A lower electrode contact structure may be fabricated according to 
the present invention as follows. 

[0060] A contact hole is formed in a lower insulation layer disposed on a 
semiconductor substrate to expose an active region of the substrate. A 
sidewall spacer is formed along the sides of the contact hole. Next, a 
recessed contact plug is formed in the contact hole, i.e., so as to occupy only 
a portion of the contact hole. A portion of the lower insulation layer is then 
removed such that a portion of the sidewall spacer protrudes above the 
resulting upper surface of the lower insulation layer. Finally, a lower 
electrode of a capacitor is formed on the recessed contact plug, the 
protruding portion of the sidewall spacer, and that portion of the lower 
insulation layer that borders the contact hole. 

[0065] A lower electrode contact structure may also be fabricated 
according to the present invention as follows. 

[0070] A contact hole is formed in a lower insulation layer disposed on a 
semiconductor substrate to expose an active region of the substrate. Next, a 
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recessed contact plug is formed in the contact hole, i.e., so as to occupy only 
a portion of the contact hole. Then a sidewall spacer is formed above the 
plug along the upper portion of the contact hole. A portion of the lower 
insulation layer is then removed such that a portion of the sidewall spacer 
protrudes above the resulting upper surface of the lower insulation layer. 
Finally, a lower electrode of a capacitor is formed on the recessed contact 
plug, the protruding portion of the sidewall spacer, and that portion of the 
lower insulation layer that borders the contact hole. 

[0075] In either case, the recessed contact plug is formed by depositing 
conductive material on the lower insulation layer so as to fill the contact 
hole, and selectively etching the resulting layer of conductive material with 
respect to the lower insulation layer and the sidewall spacers until the upper 
surface of the layer of conductive material becomes situated beneath the 
level of the upper surface of the insulation layer. 

[0080] Also, the lower electrode is formed as follows. First, an etch stop 
layer and an upper insulation layer are sequentially formed on top of the 
recessed contact plug, the protruding portion of the sidewall spacer, and the 
lower insulation layer. The upper insulation layer is patterned to form an 
opening aligned with the recessed contact plug, the sidewall spacer, and a 
portion of the lower insulation layer that borders the contact hole. The etch 
stop layer exposed through the opening is etched back. Then, an electrode 
material layer is formed along the bottom and sides of the opening. A 
protecting insulation layer is formed on the electrode material layer so as to 
fill what remains of the opening therethrough. The protecting insulation 
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layer and the electrode material layer are planarized (etched) until the upper 
surface of the upper insulation layer is exposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0085J Fig. 1 is a schematic cross-sectional view of a conventional lower 
electrode structure of a semiconductor device, comprising a lower electrode 
of a capacitor. 

[0090] Fig. 2 is a schematic cross-sectional view of an embodiment of a 
lower electrode contact structure in accordance with the present invention. 
[0095] Fig. 3 is a schematic cross-sectional view of another embodiment 
of a lower electrode contact structure in accordance with the present 
invention. 

[0100] Figs. 4A-4K are schematic cross-sectional views showing a 
method of forming the contact structure of Fig. 2. 

[0105] Figs. 5A-5I are schematic cross-sectional views showing a method 
of forming the contact structure of Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0110] The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, throughout which 
like numbers designate like elements. Also, only one lower electrode is 
illustrated in the drawings for clarity. 

[0115] Referring first to Fig. 2, a contact plug 180a penetrates an 
insulation layer 120a to connect with an active region of a semiconductor 
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substrate 100. The insulation layer 120a surrounds the contact plug 180a. In 
the drawing, the contact plug 180a is shown as having an upper surface 
disposed beneath that of the insulation layer 120a. However, the contact plug 
180a may project above the insulation layer 120a or may have an upper 
surface that is coplanar with that of the insulation layer 120a. Sidewall 
(insulation) spacers 160a are interposed between the contact plug 180a and 
the insulation layer 120a. The sidewall spacers 160a may be of a material 
having an etch selectivity with respect to the insulation layer 120a. For 
example, the insulation layer 120a is a silicon oxide layer and the sidewall 
spacers 160a are formed of silicon nitride. 

[0120] A first supporting layer 160b extends from the sidewall spacers 
160a to protrude over the tops of the insulation layer 120a and the contact 
plug 180a. The first supporting layer 160b may be unitary with the sidewall 
spacers 160a. That is to say, the first supporting layer 160b may be formed 
of the same material as the sidewall spacers 160a. 

[0125] A second supporting layer 200b is disposed on inner and outer 
sidewalls of the exposed first supporting layer 160b. The first and second 
supporting layers 160b and 200b together compose a structure for supporting 
a lower electrode 280a. 

[0130] The lower electrode 280a is disposed in contact with the contact 
plug 180a, the supporting layers 160b and 200b, and a portion of the 
insulation layer 120a around the contact plug 180a. Therefore, the bottom of 
the lower electrode 280a has a configuration corresponding to the contour of 
this underlying structure, i.e., the area presented by the contact plug 180a, 
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the supporting layers 160b and 200b, and the insulation layer 120a. 
[0135] Specifically, the lower electrode 280a comprises a sidewall 280as 
and a bottom wall that is contiguous with the sidewall 280as and contacts the 
underlying structure. The bottom wall of the lower electrode 280a is dented 
by the underlying structure. That is, the bottom wall of the lower electrode 
280a comprises parallel horizontal parts 280ah disposed on the insulation 
layer 120a, the contact plug 180a, and on top surface of the supporting layers 
160b and 200b, and vertical parts 280av disposed on sidewalls of the 
supporting layers 160b and 200b and contiguous with the parallel horizontal 
parts 280ah. As a result, the interface area between the lower electrode 280a 
and the underlying structure is larger compared to that in a conventional 
contact structure, by an amount corresponding to the contact areas defined 
by the vertical parts 280av. 

[0140] An etch stop layer 200a is disposed on the insulation layer 120a. 
The etch stop layer 200a may be formed of the same material and may have 
practically the same thickness as the second supporting layer 200b. 
[0145] The interface area between the lower electrode and the 
underlying layers of the lower electrode contact structure is relatively large 
so that the lower electrode tends to remain adhered to the underlying layers. 
That is, the underlying layers stably support the lower electrode. 
Accordingly, there is little possibility of the lower electrode coming into 
contact with the lower electrode of an adjacent capacitor. 
[0150] Fig. 3 shows another embodiment of a lower electrode contact 
structure in accordance with the present invention. This contact structure is 
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identical with the contact structure of Fig. 2 except for the insulation spacers. 
In this case, the first supporting layer 160b may be formed of silicon nitride 
or a conductive material, for example, polysilicon. 

[0155] In this embodiment, a contact plug 180a extends through the 
entirety of an insulation layer 120 so as to connect to an active region of a 
semiconductor substrate 100. A first supporting layer 160b extends along the 
outer peripheral edge of the top surface of the contact plug 180a as 
protruding above the insulation layer 120a and the contact plug 180a. A 
second supporting layer 200b is disposed on inner and outer sidewalls of the 
first supporting layer 160b. A lower electrode 280a is disposed on the 
insulation layer 120a, the contact plug 180a and the supporting layers 160b 
and 200b. 

[0160] A method of forming the lower electrode contact structure shown 
in FIG. 2 will be explained hereinafter with reference to Figs. 4A-4K. The 
subsequent processes, such as a device isolation process, a MOSFET process, 
and a bit line process are conventional per se and as such, will be omitted 
from the following detailed description. 

[0165] Referring now to Fig. 4A, an insulation layer 120 is formed on a 
semiconductor substrate 100. The insulation layer 120 may be formed of, for 
example, silicon oxide. The insulation layer 120 is patterned to form a 
contact hole 140 exposing the active region (not shown) of the 
semiconductor substrate 100. Therefore, the contact hole 140 has a bottom 
defined by the active region and sides defined by the insulation layer 120. 
[0170] Referring to Fig. 4B, a material layer having an etch selectivity 
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with respect to the insulation layer 120, for example, a silicon nitride layer 
160, is formed on the sides and bottom of the contact hole 140 and on a top 
surface of the insulation layer 120 with a substantially uniform thickness. 
[0175] Referring to Fig. 4C, an etch back process is performed on the 
resultant structure. Portions of the silicon nitride layer 160 are removed from 
the bottom of the contact hole 140 and the top surface of the insulation layer 
120 so that a portion of the layer 160 remains only along the sides of the 
contact hole 140. Thus, sidewall (insulation) spacers 160a are formed along 
the sides of the contact hole 140. 

[0180} Referring to Fig. 4D, a plug conductive material layer 180 is 
formed on the resultant structure to fill the contact hole 140. The conductive 
material layer 180 has an etch selectivity with respect to the sidewall spacers 
160a. 

[0185J Referring to Fig. 4E, the conductive material layer 180 is etched 
to form a recessed contact plug 1 80a filling only a portion of the contact 
hole 140. In other words, the top of the contact plug 180a is situated beneath 
the top of the insulation layer 120, such that an upper part of the contact 
hole 140a remains empty. The insulation layer 160 is divided into two parts 
160a, 160b located to either side of the top surface of the recessed contact 
plug 180. The upper part 160b of the insulation layer, i.e., that part of the 
sidewall spacers disposed along the upper portion of the contact hole 140a, 
will be referred to hereinafter as "a first supporting layer". 
[0190] Referring to Fig. 4F, the insulation layer 120 is etched. The 
etching may be carried out until the top surface of the insulation layer 120a 
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becomes coplanar with the top surface of the contact plug 180a, or becomes 
disposed at a level lower or higher than that of the upper surface of the 
contact plug 180a. In any case, inner and outer sidewalls of the first 
supporting layer 160b are exposed. The first supporting layer 160b protrudes 
from a top surface of the etched insulation layer 120a. 
[01951 Referring to Fig. 4G, an etch stop layer 200 is formed on the 
insulation layer 120a, the contact plug 180a, and the first supporting layer 
160b. The etch stop layer 200 plays a role in stopping the etching in a 
subsequent process of patterning a sacrificial insulation layer. In addition, a 
portion of the etch stop layer 200 supports the lower electrode together with 
the first supporting layer 160b, as will be explained in more detail below. 
[0200] Referring to Fig. 4H, a sacrificial insulation layer 220 that 
determines the height of the lower electrode is formed on the etch stop layer 
200. A photoresist pattern 240a is formed on the sacrificial insulation layer 
220. The photoresist pattern 240a has an opening 260a therethrough. The 
opening 260a establishes the width of the lower electrode. 
[02051 Referring to Fig. 41, the sacrificial insulation layer 220 exposed 
by the opening 260a of the photoresist pattern 240 is etched using the 
photoresist pattern 240a as an etch mask. The etch stop layer 200 serves to 
stop the etching process. Therefore, a trench 260b is formed in the sacrificial 
insulation layer 220a. The trench 260b has a width corresponding to that of 
the opening 260a defined by the photoresist pattern 240a. The photoresist 
pattern 240a is then removed. 

[0210] Subsequently, the etch stop layer 200 exposed by the trench 260b 
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is etched back. Thus, the tops of the contact plug 180a, the insulation layer 
120a, and the first supporting layer 160b are exposed and a portion of the 
etch stop layer remains on inner and outer sidewalls of the first supporting 
layer 160b to constitute a second supporting layer 200b. 
[0215] Referring to Fig. 4J, a lower electrode conductive layer 280 is 
formed along the sacrificial insulation layer 220a, the exposed portion of the 
insulation layer 120a, the contact plug 180a, and the supporting layers 200b 
and 160b. The lower electrode conductive layer 280 has a uniform thickness. 
Subsequently, a protecting insulation layer 300 is formed on the lower 
conductive layer 280 to fill the entire trench 260. 

[0220] Referring to Fig. 4K, the protecting insulation layer 300 and the 

conductive layer 280 are planarized (etched) to expose the top surface of the 

sacrificial insulation layer 220a. Therefore, a lower electrode 280a is formed 

which is electrically isolated from the adjacent lower electrode(s). 

[0225] The residual protecting insulation layer 300a and the sacrificial 

insulation layer 220a are removed to expose inner and outer sidewalls and a 

bottom wall of the lower electrode 280a, as illustrated in Fig. 2. In this case, 

the lower electrode 280a is firmly supported by the underlying structure, 

such that the lower electrode 280a will not collapse or lean to one side 

during the removal of the insulation layers 300a and 220a. 

[0230] A dielectric layer and an electrode conductive layer are formed 

on the exposed lower electrode 280a to complete the capacitor. 

[0235] Subsequently, conventional fabricating processes including a 

metal interconnection process, a passivation process and the like are 
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performed. 

[0240] A method of fabricating the contact structure shown Fig. 3 will 
be explained hereinafter with reference to Figs. 5A-5I. 
[0245J Referring first to Fig. 5A, an insulation layer 120 is formed on a 
semiconductor substrate 100. The insulation layer 120 is then patterned to 
form a contact hole 140 exposing an active region of the semiconductor 
substrate 100. 

[0250] Referring to Fig. 5B, a plug conductive material layer 180 is 
formed on the insulation layer 120 to fill the entire contact hole 140. 
[0255] Referring to Fig. 5C, the conductive material layer 180 is etched 
to form a recessed contact plug 180a, i.e., a plug whose upper surface is 
situated beneath the top of the insulation layer 120. That is, conductive 
material is removed from the upper part of contact hole 140 such that the 
resulting recessed contact plug 180a occupies only a lower part of the 
contact hole 140. 

[0260] Referring to Fig. 5D, a supporting layer 160 is formed on sides 
and bottom of the upper part of the contact hole 140a and on top of the 
insulation layer 120. The supporting layer 160 is formed of material having 
an etch selectivity with respect to the insulation layer 120, for example, 
silicon nitride, polysilicon or the like. The supporting layer 160 is conformal 
with respect to the underlying insulation layer 120 and the contact plug 180a. 
[0265] Referring to Fig. 5E, an etch back process is carried out on the 
supporting layer 160 to remove the supporting layer from the tops of the 
contact plug 180a and the insulation layer 120. The supporting layer 160 is 
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left only along the upper portion of the sides of the contact hole 140a to 
form a first supporting layer 160b. 

[0270] Referring to Fig. 5F, an etch back process is carried out on the 
insulation layer 120 to remove a portion of the insulating layer, thereby 
reducing the thickness thereof. As a result, the first supporting layer 160b 
protrudes in a vertical direction beyond the tops of the etched insulation 
layer 120a and the contact plug 180a. 

[0275] The remaining steps are performed in the same way as in the 
method described above. Briefly, referring to Fig. 5G, an etch stop layer 200 
is formed on the contact plug 180a, the insulation layer 120a, and the first 
supporting layer 160b. Next, a sacrificial insulation layer 220 and a 
photoresist pattern 240a are formed on the etch stop layer 200. 
[0280] Referring to Fig. 5H, a sacrificial insulation layer 220 exposed 
by the opening 260a defined by the photoresist pattern 240a is etched using 
the photoresist pattern 240a as an etch mask. Therefore, a trench 260b 
delimiting the shape of a lower electrode is formed in the sacrificial 
insulating layer 220a. At this time, the etch stop layer 200 serves as an etch 
stop for the process of etching the sacrificial insulation layer 220. 
[0285] Referring to Fig. 51, the exposed etch stop layer 200 is etched 
back. Therefore, the etch stop layer on top of the contact plug 180a and the 
insulation layer 120a is removed. Thus, the etch stop layer is left only on 
inner and outer sidewalls of the first supporting layer 160b to form a second 
supporting layer 200b. Subsequently, a lower electrode conductive layer 280 
is formed on the exposed contact plug 180a, the supporting layers 160b and 
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200b, the insulation layer 120a, and the sacrificial insulation layer 220a. The 
subsequent processes are performed in the same way as described in 
connection with the method shown in Figs. 4J and 4K. 

[0290] In the methods described above, the lower electrode is formed as 
a hollow cylinder. However, the lower electrode may be formed as a solid 
cylinder. That is, a trench is formed in the upper sacrificial insulation layer, 
and a layer of conductive material is deposited on the resulting structure to 
fill the trench. Then, the sacrificial insulation layer may be removed. In this 
case, a protecting insulation layer is not necessary. 

[0295] According to the methods described above, the sidewall spacers 
and a portion of the etch stop layer are formed to protrude above the contact 
plug and to thereby support the lower electrode. Also, the interface between 
the lower electrode and underlying layers is relatively large, such that the 
lower electrode and underlying layers can strongly adhere to one another. 
Therefore, the underlying layers stably support the lower electrode. In 
addition, the interface between the lower electrode and the dielectric layer of 
the capacitor is correspondingly large. Consequently, the capacitor may 
provide a greater capacitance than a conventional capacitor of the same 
width. 

[0300] Finally, although the present invention has been described in 
connection with the preferred embodiments thereof, various changes and 
modifications may be made thereto without departing from the true spirit and 
scope of the invention as defined by the appended claims. 
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